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Description 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an image forming method to be applied with a negative type image forming 
material suitable for so-called direct plate making, wherein a printing plate can be directly made by infrared laser 
scanning based on a digital signal of a computer or the like. 

Description of the Related Art 

[0002] Conventionally, the following systems have been proposed for directly making a printing plate from digital 
data of a computer; (1) an electrophotography method; (2) photopolymerization by exposure using a laser that emits 
blue or green light; (3) a silver salt laminated on a photosensitive resin; (4) a silver salt scattering transfer method; and 
the like. 

[0003] However, problems are involved in that (1 ) the electrophotography method requires complicated image form- 
ing processes including charging, exposure, and development. Thus, an apparatus is complicated and bulky. (2) The 
photopolymerization method requires a printing plate highly sensitive to blue or green light. Thus, handling in an illu- 
minated room is difficult. And methods (3) and (4) require complicated processes because of the use of the silver salt, 
such as development. Moreover, silver is contained in processing waste liquid. 

[0004] In contrast, development in the field of lasers has been significant recently. In particular, solid lasers and 
semiconductor lasers that emit infrared ray of a 760 nm to 1 ,200 nm wavelength and that have a high output and a 
small size arc now easily obtainable. As a recording light source at a time of directly making a printing plate from digital 
data of a computer orthe like, such lasers are extremely useful. However, since most photosensitive recording materials 
in practical use have an exposing wavelength of 760 nm or less in the visible light range, these infrared lasers cannot 
be used for forming an image thereon. Therefore, a material recordable with an infrared laser is called for. 

[0005] As such an image recording material recordable with an infrared laser, U. S. Patent No. 4,708,925 discloses 
a recording material containing an onium salt, a phenol resin, and a spectral sensitizer. The image recording material 
is a positive type image recording material that utilizes a dissolution restraining effect with respect to a developer, which 
eff ct is caused by the onium salt and the phenol resin. Thus, the material is not of a negative type, unlike the material 
of the present invention. In contrast, U. S. Patent No. 5,340,699 discloses a negative type image recording material 
containing an infrared ray absorbing agent, an acid generating agent, a resol resin and a novolak resin. In such a 
negative type image recording material, in general, an image is formed by developing with an alkaline aqueous solution 
after laser exposure of the image. In this developing process, an automatic developing machine is generally used 
[0006] For example, Japanese Patent Application Laid-Open (JP-A) No. 8-108621 discloses a negative type image 
forming material using a photopolymerizable composition, wherein a strong alkaline aqueous solution containing po- 
tassium silicate and having a pH value of more than 12 or the like is used for development. Such a developer having 
a high pH value involves a problem in that the developer absorbs carbon dioxide from air in the automatic developing 
machine, and a degree of activity of the developer deteriorates with aging. 

[0007] Further, Japanese Patent Application Publication (JP-B) No. 7-103171 discloses a recording material that 
does not need a heat treatment after image exposure, containing a cyanine dye having a specific structure, an iodonium 
salt, and an addition polymerizable compound having an ethylenically unsaturated double bond. This image recording 
material is developed with a weak alkaline aqueous solution using a carbonate as an alkaline agent. A developer that 
uses a carbonate is preferable because such a developer does not absorb carbon dioxide in the air, but this developer 
has a problem in that it has poor solubility with respect to the image recording material. Thus, the photosensitive layer 
cannot be eliminated completely and fouling may occur in a non-image portion during printing. 

[0008] In order to improve the solubility of the developer that uses the carbonate with respect to the image recording 
material, a technique of adding an organic solvent such as benzil alcohol was studied. However, when this solvent is 
included, although the solubility of the photosensitive layer is improved, there is a problem in that an image portion is 
also influenced, which reduces printing durability. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, an object of the present invention is to provide an image forming method for application to a 
negative type image forming material that can be directly recorded with digital data from a computer, by recording with 
a solid laser or semiconductor laser that emits infrared radiation. Due to the method, image forming properties are 
excellent and characteristics of a developer do not cause an aging-related reduction in a developing property or a 
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reduction in printing durability. 

[001 0] As a result of in-depth study by the present inventor of physical properties of the negative type image forming 
material and the developer, it was discovered that the above-mentioned problems can be solved by improving perme- 
ability at a non-image portion of a photosensitive layer and utilizing characteristics of a developer containing a caitoon- 
5 ate. Thus, the present invention could be achieved. 

[0011] That is, a first aspect of the present invention is an image forming method which includes the steps of- pre- 
paring a negative type image forming material including a supporting member and at least one photosensitive layer 
which has sensitivity to an infrared laser; exposing the negative type image forming material image-wise by an infrared 
laser; and developing the negative type image forming material with a weak alkaline aqueous solution having a dH 
10 value in a range from 7 to 1 2 and containing a carbonate and a surfactant. 

[0012] A second aspect of the present invention is an image forming method which includes the steps of: preparing 
a negative type image forming material including a supporting member and at least one photosensitive layercontaining 
(A) an infrared ray absorbing agent, (B) a radical generating agent, (C) a radically polymerizable compound, and (D) 
a binder polymer; exposing the negative type image forming material image-wise by an infrared laser; and developing 
the negative type image forming material with a weak alkaline aqueous solution having a pH value in a range from 7 
to 12 and containing a carbonate and a surfactant. 

[0013] Although not defined, the reasons for the excellent effects of the present invention are considered as follows. 
Due to use of a surfactant in an alkaline developer containing a carbonate, development failure caused by deterioration 
of lhe devel °P |n 9 property, which is caused by absorption of carbon dioxide, can be improved, and the permeability of 
t e developer with respect to the non-image portion of the photosensitive layer can be improved Further due to con- 
trolling a pH value to within a 7 to 12 weak alkaline range, damage of the image portion of the photosensitive layer is 
improved, and adverse effects on the printing durability can be prevented. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] Hereinafter the present invention will be explained in detail. 

[001 5] An image forming method according to the present invention is characterized by an alkaline aqueous solution 
used in development. 

[001 6] As a base for a developer and for a replenisher, which are used in an image forming method of the present 

invention, a weak alkaline aqueous solution in a 7 to 1 2pH range, which solution contains a carbonate and a surfactant 
is used. 

[0017] The weak alkaline aqueous solution used in a developing step of the image forming method of the present 
invention is required to be in a 7 to 12 pH range, and preferably in an 8 to 11 pH range. In the present invention pH 
values refer.to values measured at 25°C. * K 

[001 8] Examples of carbonates preferably used in the method of the present invention include carbonates and hy- 
dr °. 9 ®' n carbonates of alkaline metals, carbonates and hydrogen carbonates of alkaline earth metals, and carbonates 
and hydrogen carbonates of ammonium. In particular, sodium carbonate, sodium hydrogen carbonat^, potassium car- 
bonate, potassium hydrogen carbonate and the like are particularly preferable. These carbonates and hydrogen car- 
bonates can be used as either an anhydnde or a hydrate. Moreover, two or more kinds of carbonates and hydrogen 
carbonates can be used in combination. 

[001 9] An amount of the carbonate with respect to the developer or replenisher is preferably 0 1 to 1 0% bv weight 
more preferably 0.2 to 8.5% by weight, and further preferably 0.3 to 7% by weight. With an amount less than 0 1% by 
we'ght fouiing tends to occur at a non-image portion during printing after image formation, and with an amount more 

than 10 /o by weight, printing durability failure tends to occur at the time of printing, and thus neither of these condition 
is preferable. 

[0020] For the developer used in the method of the presem invention, in addition to the above-mentioned carbonate 
other known alkaline agents can be used for pH adjustment and other purposes, when the provided effects of the 
present invention are not disrupted. Specific examples include inorganic alkaline agents such as sodium hydroxide 
potassium hydroxide, lithium hydroxide, trisodium phosphate, tripotassium phosphate, triammonium phosphate dis- 
odium phosphate, dipotassium phosphate, diammonium phosphate, sodium carbonate, potassium carbonate ammo- 
nium carbonate, sodium hydrogencarbonate, potassium hydrogencarbonate, ammonium hydrogencarbonate ’sodium 

borate, potassium borate, and ammonium borate; potassium citrate; tripotassium citrate; sodium citrate- sodium sili- 
cate; potassium citrate and the like. 

[0021] Further suitable examples include organic alkaline agents such as monomethylamine. dimethylamine tri- 
methylamine, monoethylamine, diethylamine, triethylamine, monoisopropylamine, diisopropylamine, triisopro- 
py amine, n-butylamine, mono thanolamine, diethanolamine, triethanolamine, monoisopropanolamine, diisopropa- 
nolamine, ethyleneimine, ethylenediamine, pyridine and th like. 

[0022] A developer to be used in the method of the present invention must contain a surfactant. The surfactant is 
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useful for promoting developing properties, and for improving dispersal of development residue and an ink affinity 
property. The surfactant used in the present invention is not particularly limited, andanyof anionic, cationic, nonionic, 
and amphoteric surfactants can be used. 

[0023] Preferable examples of the surfactant include nonionic surfactants such as polyoxyethylene alkylethers, poly- 
5 oxyethylene alkylphenylethers : polyoxyethylene polystyrylphenylethers, polyoxyethylene polyoxypropylene 

alkylethers, glycerol fatty acid partial esters, sorbitan fatty acid partial esters, pentaerythritol fatty acid partial esters, 
propylene glycol monofatty acid esters, cane sugar fatty acid partial esters, polyoxyethylene sorbitan fatty acid partial 
esters, polyoxyethylene sorbitol fatty acid partial esters, polyethylene glycol fatty acid esters, polyglycerol fatty acid 
partial esters, polyoxyethylene castor oils, polyoxyethylene glycerol fatty acid partial esters, fatty acid diethanolamides, 
io N,N-bis-2-hydroxyalkyIamines, polyoxyethylene alkylamine, triethanolamine fatty acid ester, and trialkylamine oxide 
and the like; anionic surfactants such as fatty acid salts, abietates, hydroxyalkane sulfonates, alkanesulfonates, di- 
alkylsulfosuccinates, straight chain alkylbenzene sulfonates, branched chain alkylbenzene sulfonates, alkylnaphtha- 
lene sulfonates, alkylphenoxy polyoxyethylene propylsulfonates, polyoxyethylene alkylsulfophenyl ether salts, sodium 
N-methyl-N-oleyltaurinates, N-alkylsulfosuccinic acid monoamide disodium salts, petroleum sulfonates, sulfated castor 
io oil, sulfated beef tallow, sulfuric acid ester salts of fatty acid alkylesters, alkyl sulfuric acid ester salts, polyoxyethylene 
alkylether sulfuric acid ester salts, fatty acid monoglyceride sulfuric acid ester salts, polyoxyethylene alkyiphenyl ether 
sulfuric acid ester salts, polyoxyethylene styrylphenyl ether sulfuric acid ester salts, alkylphosphoric acid ester salts, 
polyoxyethylene alkyl ether phosphoric acid ester salts, polyoxyethylene alkyiphenyl ether phosphoric acid ester salts, 
partial saponified products of styrene-maleic anhydride copolymers, partial saponified products of olefin-maleic anhy- 
20 dride copolymers, and naphthalene sulfonate formalin condensed products and the like; cationic surfactants such as 
alkylamine salts, quaternary ammonium salts, polyoxyethylene alkylamine salts, and polyethylene polyamine deriva- 
tives and the like; and amphoteric surfactants such as carboxybetaines, aminocarboxylic acids, sulfobetaines, amino- 
sulfates, imidazolines and the like. 

[0024] In the above-mentioned examples of surfactants, "polyoxyethylene" also represents polyoxyalkylenes such 
25 as polyoxymethylene, polyoxypropylene, polyoxybutylene and the like, and such surfactants are also included as ex- 
amples. 

[0025] Of the examples, the anionic surfactants are preferable because they provide good permeability and have a 
good property for dispersal of photosensitive layer components in the developer after development. In particular, sul- 
fonates or anionic activating agents including a monosulfate are preferable. 

30 [0026] An amount of the surfactant with respect to the developer is preferably 0.2 to 30% by weight, and more 

preferably 0.5 to 20% by weight. With an amount less than 0.2% by weight, fouling can occur at the non-image portion, 
and with an amount more than 30% by weight, printing durability is reduced, and thus neither of these conditions is 
preferable. 

[0027] Moreover, a known additive can be added to the developer to be used in the present invention as needed, 
35 so far as provided the effects of the present invention are not disrupted. Examples of the additives include reducing 
agents such as hydroquinone, resorcin , sodium or potassium salts of inorganic acids (such as sulfurous acid, hydrogen 
sulfurous acid and the like) and the like; organic carboxylic acid; anti-foaming agents; hard water softeners and the like. 
[0028] However, even an additive for promoting developing properties, an organic solvent such as benzyl alcohol or 
the like may affect the printing durability. Therefore, it is preferable that a developer to be used in the present invention 
40 substantially does not contain an organic solvent. 

[0029] It is known that in a case of developing in an automatic developing machine, a large amount of planographic 
printing plates can be processed over a long time without need of replacing the developer in the developing tank if an 
aqueous solution (replenisher) with an alkalinity higher than that of the developer is added to the developer. This 
replenishing method is preferably adopted in the present invention. The pH value of the aqueous solution used in the 
45 replenisher is from 7 to 12. and preferably in the range of 8 to 11 . 

[0030] The image forming method according to the present invention is applied with a negative type image forming 
material having a supporting member with a photosensitive layer formed thereon. The layer contains (A) an infrared 
ray absorbing agent, (B) a radical generating agent, (C) a radically polymerizable compound, and (D) a binder polymer. 
[0031] Here, the negative type image forming material will be explained. The image forming material includes the 
oo photosensitive layer containing (A) the infrared ray absorbing agent, (B) the radical generating agent, (C) the radically 
polymerizable compound, and (D) the binder polymer. In the photosensitive layer of an image forming material, due 
to image exposure by an infrared laser, heat is generated by photothermal conversion of (A) the infrared ray absorbing 
agent at an exposed portion. The heat decomposes (B) the radical generating agent to generate radicals. Next, the 
photosensitive lay r, which contains (C) the radically polymerizable compound and (D) the binder polymer, is cured 
55 by the radicals to form the image portion. Thereafter, by developing with the above-mentioned weak alkalin aqueous 
solution, an uncured and unexposed portion of the photosensitiv layer is eliminated to form the non-image portion. 
[0032] In the present invention, the method may further compris anothersteps. Exampl s include a step of preparing 
a photosensitive layer coating liquid, a step of coating a photosensitive layer coating liquid on a supporting member, 
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a step of drying a photosensitive layer coating liquid that has been applied on a supporting member to thereby obtain 
the negative type image forming material, a step of performing a post-treatment after development and the like. 
[0033] Each component of the photosensitive layer will be explained in turn. 

[(A) the infrared ray absorbing agent] 

[0034] The object of the present invention is to record an image with a laser emitting infrared ray. Therefore, use of 
the infrared ray absorbing agent is a prerequisite. The infrared ray absorbing agent has a function of converting ab- 
sorbed infrared ray or near-infrared ray to heat. By the heat generated at this time, the radical generating agent is 
decomposed to generate radicals. The infrared ray absorbing agent used in the present invention is a dye or a pigment 
having a maximum absorption in a 760 nm to 1,200 nm wavelength range. 

[0035] As this dye ; commercially available dyes and known dyes disclosed in the literature, such as "Senryobinran" 
("Dye Handbook' 1 ) (edited by Yukigoseikagaku Kyokai, published in 1970) can be used. Specific examples of such 
dyes include azo dyes, metal complex azo dyes, pyrazolone azo dyes, naphthoquinone dyes, anthraquinone dyes, 
phthalocyanine dyes, carbonium dyes, quinoneimine dyes, methine dyes, cyanine dyes, squarylium pigments, pyrilium 
salts, metal thiolate complexes and the like. 

[0036] Examples of preferable dyes include cyanine dyes disclosed in Japanese Patent Application Laid-Open (JP- 
A) Nos. 58-1 25246, 59-84356. 59-202829, and 60-78787 and the like; methine dyes disclosed in JP-A Nos. 58-1 73696, 

58- 181690, and 58-194595 and the like; naphthoquinone dyes disclosed in JP-A Nos. 58-112793, 58-224793, 

59- 481 87, 59-73996, 60-52940, and 60-63744 and the like; squarylium dyes disclosed in JP-A No. 58-112792 and the 
like; and a cyanine dye disclosed in Great Britain Patent No. 434,875. 

[0037] Moreover, a near-infrared absorbing sensitizer disclosed in U. S. Patent No. 5,156,938 can also be used 
preferably. Furthermore, a substituted arylbenzo(thio)pyrylium salt disclosed in U. S. Patent No. 3,881 ,924, a trimethi- 
nethiapyrylium salt disclosed in JP-A No. 57-1 42645 (U. S. Patent No. 4,327,1 69), pyrylium compounds disclosedinJP- 
ANos. 58-181051, 58-220143, 59-41363, 59-84248, 59-84249, 59-146063, and 59-146061, a cyanine dye disclosed 
in JP-A No. 59-216146. a pentamethinethiopyrylium salt disclosed in U. S. Patent no. 4,283,475, and pyrylium com- 
pounds disclosed in Japanese Patent Application Publication (JP-B) Nos. 5-13514, and 5-19702 can also be used 
preferably. 

[0038] Moreover, other examples of preferable dyes include near-infrared absorbing dyes represented by formulae 
(I) and (II) disclosed in U. S. Patent No. 4,756,993. 

[0039] Of these examples of dyes, the cyanine pigments, the squarylium pigments, the pyrylium salts, and the nickel 
thiolate complexes are particularly preferable. Furthermore, the cyanine pigments are preferable and, in particular 
cyanine pigments represented by general formula (I) below is most preferable. 



General formula (I) 




Z 1 - 



[0040] In the general formula (I), X 1 represents a halogen atom, or X 2 - L^. Here, X 2 represents an oxygen atom or 
a sulfur atom, and L 1 represents a hydrocarbon group having 1 to 12 carbon atoms. R 1 and R 2 each independently 
represent a hydrocarbon group having 1 to 12 carbon atoms. In view of storage stability of a photosensitive layer 
coating liquid, it is preferable that R 1 and R 2 are hydrocarbon groups having two or more carbon atoms. It is particularly 
preferable that R 1 and R 2 are bonded with each other so as to form a five-membered ring, or a six-membered ring. 
[0041] Ar 1 and Ar 2 , which can either be the same or different, each denote an aromatic hydrocarbon group, which 
may have a substituent. Preferable examples of aromatic hydrocarbon groups include a benzene ring and a naphtha- 
lene ring. Moreover, examples of preferable substituents include a hydrocarbon group having 12 or less carbon atoms, 
a halogen atom, and an alkoxy group having 12 or less carbon atoms. Y 1 and Y 2 , which can either be the same or 
different, denote a sulfur atom or a dialkylmethylene group having 12 or less carbon atoms. R 3 and R 4 , which can 
either be the same or different, denote a hydrocarbon group, which may have a substituent, having 20 or less carbon 




atoms. Examples of preferable substituents include an alkoxy group having 12 or less carbon atoms, a carboxyl group, 
and a sulfo group. R 5 , R 6 , R 7 and R 8 , which may either be the same or different, denote a hydrogen atom or a hydro- 
carbon atom having 1 2 or less carbon atoms. In view of material availability, the hydrogen atom is preferable. Moreover, 
Z 1 ' represents a pair anion. However, in a case wherein a sulfo group is substituted at any of R 1 to R 8 , Z 1 * is not 
required. In view of the storage stability of the photosensitive layer coating liquid, examples of preferable Z 1 * include 
a halogen ion, a perchloric acid ion, a tetrafluoroborate ion, a hexafluorophosphate ion, a sulfonic acid ion and the like. 
Particularly preferable are a perchloric acid ion, a hexafluorophosphate ion, or an arylsulfonic acid ion. 

[0042] As specific examples of cyanine dyes represented by the general formula (I) preferably used in the present 
invention includes those disclosed in paragraph Nos. [0017] to [0019] of JP-A No. 11-310623. 

[0043] As the pigment used in the present invention, commercially available pigments and the pigments disclosed 
in Color Index (C. I.) Handbooks, "Saishin Ganryo Binran" ("Modern Pigment Handbook") (edited by Nihon Ganryo 
Gijutsu Kyokai, published in 1977), "Saishin Ganryo Oyo Gijutsu" ("Modem Pigment Application Technology") (CMC 
Publishing Co., published in 1 986), and "Insatsu Ink Gijutsu" ("Printing Ink Technology") (CMC Publishing Co., published 
in 1984) can be used. 

[0044] Examples of pigment include a black pigment, a yellow pigment, an orange pigment, a brown pigment, a red 
pigment, a purple pigment, a blue pigment, a green pigment, a fluorescent pigment, a metal powder pigment, and a 
polymer bonded pigment. Specifically, an insoluble azo pigment, an azo lake pigment, a condensed azo pigment, a 
chelate azo pigment, a phthalocyanine based pigment, an anthraquinone based pigment, perylene andperynone based 
pigments, a thioindigo based pigment, a quinacridone based pigment, a dioxazine based pigment, an isoindolinone 
based pigment, a quinophthalone based pigment, an in-mold decorating lake pigment, an azine pigment, a nitroso 
pigment, a nitro pigment, a natural pigment, a fluorescent pigment, an inorganic pigment, carbon black or the like can 
be used. Among these examples of pigments, carbon black is preferable. 

[0045] These pigments can be used without applying a surface treatment, or after application of a surface treatment. 
As a surface treatment method, a method of coating a resin or a wax on the surface, a method of adhering a surfactant, 
a method of bonding a reactive substance (such as a silane coupling agent, an epoxy compound, or a polyisocyanate) 
to the pigment surface, and the like, can be considered. The above-mentioned surface treatment methods are disclosed 
in "Kinzoku Sekken no Seishitsu to Oyo" ("Natures and Applications of Metal Soaps") (Saiwai Publishing Co.), "Insatsu 
Ink Gijutsu" ("Printing Ink Technology") (CMC Publishing Co., published in 1984) and "Saishin Ganryo Oyo Gijutsu" 
("Modern Pigment Application Technology"), (CMC Publishing Co., published in 1986). 

[0046] A particle size of the pigment is preferably in a 0.01 pm to 10 pm range, more preferably in a 0.05 pm to 1 
pm range, and particularly preferably in a 0.1 pm to 1 pm range. A pigment particle size of less than 0.01 pm is not 
preferable in view of stability of dispersion in the image photosensitive layer coating liquid. In contrast, a pigment 
particle size of more than 10 pm is not preferable in view of uniformity of the image photosensitive layer. 

[0047] As a method for dispersing the pigment, known dispersing techniques used in ink production, toner production 
and the like can be used. Examples of a dispersing apparatus include an ultrasonic dispersing machine, a sand mill, 
an attritor, a pearl mill, a super mill, a ball mill, an impeller, a disperser, a KD mill, a colloid mill, a dynatron, a triple roll 
mill, and a pressure kneader. Details are disclosed in "Saishin Ganryo Oyo Gijutsu" ("Modern Pigment Application 
Technology") (CMC Publishing Co., published in 1986). 

[0048] The infrared ray absorbing agent can be added in one layer with other components, or be added to another 
layer which is prepared for the infrared ray absorbing agent. It is preferable that a photosensitive layer has an optical 
density between 0.1 and 3.0 at an absorption maximum thereof which exist in 760 nm to 1 ,200 nm wavelength range, 
when a negative type planographic printing plate is produced in the present invention. If the optical density is outside 
the range, sensitivity will tend to be low. Since the optical density is determined by the amount of the infrared ray 
absorbing agent and the thickness of the recording layer, a predetermined optical density can be obtained by controlling 
these conditions. The optical density of the recording layer can be measured by an ordinary method. Examples of 
measurement methods include a method of forming a recording layer which has a coating amount of a determined 
optimal thickness in a range necessary for a planographic printing plate after drying thereof, on a transparent or white 
supporting member, and measuring with a transmission type optical densitometer, and a method of forming a recording 
layer on a reflective supporting member such as aluminum, and measuring a reflection density. 

[(B) radical generating agent] 

[0049] A radical generating agent used in the pres nt invention repres nts a compound to be used in combination 
with the infrared ray absorbing agent (A) to generate radicals at the time of radiation from the infrared laser. Examples 
of the radical generating agent include onium salts, atriazine compounds having a trihalomethyl group, peroxides, azo 
based polymerization initiators, azido compounds, and quinone diazides. The onium salts are preferable for high s n- 
sitivity th reof. 

[0050] An onium salt preferably used as a radical polymerization initiator of the present invention will be explained. 
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Examples of preferable onium salts include iodonium salts, diazonium salts, and sulfonium salts. These onium salts 
function not as an oxygen generating agent but as a radical polymerization initiator. Onium salts preferably used in the 
present invention are represented by the general formulae (III) to (V) below. 

12 11 - 

Ar 1 — Ar 2 General formula (III) 



Ar 21 — N = N Z 



21- 



General formula (IV) 



General formula (V) \ 

5+-R 33 Z 31 * 

r32 



[0051] In the formula (III), Ar 11 and Ar 12 each denote an aryl group having 20 or less carbon atoms, which may have 
a substituent, independently from each other. Examples of a preferable substituent in a case wherein the aryl group 
has a substituent include a halogen atom, a nitro group, an alkyl group having 12 or less carbon atoms, an alkoxy 
group having 12 or less carbon atoms, and an aryloxy group having 12 or less carbon atoms. Z 11_ denotes a pair ion 
selected from the group consisting of a halogen ion, a perchloric acid ion, atetrafluoroborate ion, a hexafluorophosphate 
ion, and a sulfonic acid ion. Preferably Z 11 * is a perchloric acid ion, a hexafluorophosphate ion, or an aryl sulfonic acid 
ion. 

[0052] In the formula (IV), Ar 21 denotes an aryl group having 20 or less carbon atoms, which may have a substituent. 
Examples of a preferable substituent in a case wherein the aryl group has a substituent include a halogen atom, a nitro 
group, an alkyl group having 12 or less carbon atoms, an alkoxy group having 12 or less carbon atoms, an aryloxy 
group having 12 or less carbon atoms, an alkylamino group having 12 or less carbon atoms, a dialkylamino group 
having 12 or less carbon atoms, an arylamino group having 12 or less carbon atoms, and a diarylamino group having 
12 or less carbon atoms. Z 21 - denotes a pair ion simularly to Z 11 '. 

[0053] In the formula (V) , R31, R32 and r33 } which may either be the same or different each denote a hydrocarbon 
group having 20 or less carbon atoms, which may have a substituent. Examples of a preferable substituent include a 
halogen atom, a nitro group, an alkyl group having 12 or less carbon atoms, an alkoxy group having 12 or less carbon 
atoms, and an aryloxy group having 12 or less carbon atoms. Z 31 * denotes a pair ion similarly to Z 11 '. 

[0054] Specific examples of onium salts preferably used as the radical generating agent in the present invention 
include those disclosed in paragraph Nos. [0030] to [0033] of JP-A No. 11-310623. 

[0055] A radical generating agent used in the present invention preferably has a maximum absorption wavelength 
of 400 nm or less, and more preferably 360 nm or less. By providing this absorption wavelength in the ultraviolet region 
accordingly, the planographic printing plate can be handled under white light. 

[0056] The radical generating agent can be added in a photosensitive layer coating liquid at 0.1 to 50% by weight 
preferably 0.5 to 30% by weight, and particularly preferably 1 to 20% by weight with respect to total solids of the 
photosensitive layer coating liquid. With an amount less than 0.1% by weight, sensitivity is lowered, and with an amount 
more than 50% by weight, image fouling occurs at the non-image portion. These radical generating agents can be 
used alone or in a combination of two or more. The radical generating agents can be added in one layer with other 
components, or can be added to another layer which is prepared for the radical generating agents. 

[(C) Radically polymerizable compound] 

[0057] The radically polymerizable compound used in the present invention contains at least one ethylenically un- 
saturated double bond, and is selected from compounds having at least one, and preferably two or more end ethylen- 
ically unsaturated double bonds. Such a compound group is widely known in this industrial field, and such compounds 
can be used in the present invention without a particular limit. These compounds have chemical forms such as, for 
example, a monomer, a prepolymer, such as a dimer, a trimer or an oligomer, a mixture thereof, a polymer thereof. 
Examples of monomers and copolymers include unsaturated carboxylic acids (such as acrylic acid, methacrylic acid 
itaconic acid, chrotonic acid, isochrotonic acid, and malefic acid), esters thereof, and amides thereof. Esters of an 
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unsaturated carboxylic acid and an aliphatic polyhydric alcohol compound, or amides of an unsaturated carboxylic acid 
and an aliphatic polyvaleic amine compound can be used preferably. Moreover, an unsaturated carboxylic acid ester 
having a nucleophilic substituent such as a hydroxyl group, an amino group, ora mercapto group or the like; an addition 
reaction product of amides and monofunctional or polyfunctional isocyanates, or epoxys; or a dehydration condensation 
5 reaction product of amides and a monofunctional or polyfunctional carboxylic acid or the like can also be used preferably. 
Furthermore, an addition reaction product of an unsaturated carboxylic acid esters or amides having an electrophilic 
substituent, such as an isocyanate group or an epoxy group, and a monofunctional or polyfunctional alcohols, amines 
or thiols, and further, a substitution reaction product of an unsaturated carboxylic acid esters or amides having an 
elimination substituent such as a halogen group or a tosyloxy group and a monofunctional or polyfunctional alcohols, 
jo amines, or thiols can also be used preferably. Moreover, as another example, a compound group with the above- 
mentioned unsaturated carboxylic acid replaced by an unsaturated phosphonic acid, styrene, or the like, can be used. 
[0058] Specific examples of acrylic acid esters, methacrylic acid esters, itaconic acid esters, crotonic acid esters, 
isocrotonic acid esters, and maleic acid esters as an ester of an aliphatic polyhydric alcohol compound and an unsatu- 
rated carboxylic acid are disclosed in paragraph Nos. [0037] to [0042] of JP-A No. 11-310623, and the same can be 
15 applied in the present invention. 

[0059] As other examples of esters, aliphatic alcohol based esters disclosed in JP-B Nos. 46-27926 and 51-47334, 
and JP-A No. 57-196231, esters having an aromatic group-based skeleton structuredisclosed in JP-ANos. 59-5240, 
59-5241 , and2-2261 49, and esters containing an amino group disclosed in JP-A No. 1-1 65613 can also be used pref- 
erably. 

20 [0060] Moreover, specific examples of monomers of amides which is obtained from aliphatic polyvaleic amine com- 

pounds and unsaturated carboxylic acids include methylene bis-acryl amide, methylene bis-methacryl amide, 1 ,6-hex- 
amethylene bis-acryl amide, 1 ,6-hexamethylene bis-methacryl amide, diethylene triamine trisacryl amide, xylylenebi- 
sacryl amide, and xylylene bis methacryl amide. 

[0061] Other examples of preferable amide based monomers include those having a cyclohexylene structure dis- 
25 closed in JP-B No. 54-21726. 

[0062] Moreover, urethane based addition polymerization compounds produced utilizing an addition reaction of an 
isocyanate and a hydroxyl group are also preferable. Specific examples thereof include vinyl urethane compounds 
containing two or more polymerizable vinyl groups in a molecule, prepared by adding a vinyl monomer containing a 
hydroxyl group represented by formula (VI) below to a polyisocyanate compound having two or more isocyanate groups 
30 in a molecule, as disclosed in JP-B No. 48-41 708. 

General formula (VI) 

35 CH 2 = C(R 41 ) COOCH 2 CH (R 42 ) OH 

(wherein R 41 and R 42 denote H or CH 3 ). 

[0063] Moreover, urethane acrylates disclosed in JP-A No. 51-37193, and JP-B Nos. 2-32293 and 2-16765, and 
urethane compounds having ah ethylene oxide based skeleton structure disclosed in JP-B Nos. 58-49860, 56-17654, 
40 62-39417, and 62-39418 are also preferable. 

[0064] Furthermore, Radical polymerizable compounds having an amino structure or a sulfide structure in a molecule 
disclosed in JP-A Nos. 63-277653, 63-260909, and 1-105238 can also be used. 

[0065] Other examples include polyfunctional acrylates and methacrylates such as the polyester acrylates and epoxy 
acrylates prepared by reaction of an epoxy resin and a (meth) acrylic acid as disclosed in JP-A No. 48-641 83, and JP- 
45 B Nos. 49-431 91 and52-30490. Moreover, specific unsaturated compounds disclosed in JP-B Nos. 46-43946, 1 -40337, 
and 1-40336, and a vinyl phosphonic acid based compound disclosed in JP-A No. 2-25493 can also be presented. 
Furthermore, in some cases, a structure containing a perfluoroalkyl group disclosed in JP-A No. 61-22048 can be used 
preferably. Moreover, compounds presented in the Nihon Secchaku Gyokaishi (Japan Bonding Association Journal) 
vol. 20, No. 7, page 300 to 308 (1984) as photo-curing monomers and oligomers can be used as well. 
so [0066] Details of usage of these radical polymerizable compounds, such as the structure thereof, use alone or in a 
combination, and addition amount can be set optimally according to final design characteristics of the recording ma- 
terial. For example, they are selected from the following viewpoints. In terms of the sensitivity, a structure with a large 
unsaturated group content per mol cule is preferable. In most cases, structures that are bifunctional or more are pref- 
erable. Moreover, for improving strength of the image portion, that is, th hardened film, structures that are trifunctional 
55 or more are preferable. Furthermor , a method of using compounds having different functional numb rs and/or different 
polymerizable groups (such as acrylic acid ester based compounds, methacrylic acid ster based compounds, and 
styrene based compounds) in combination is effective for adjusting both photosensitivity and strength. Although com- 
* pounds of large molecular weight and compounds of high hydrophobic property have excellent sensitivity and film 
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strength, they may not be preferable in some cases in terms of developing speed and precipitation in a developer. 
Moreover, also in terms of compatibility and dispersing property with other components in the photosensitive layer 
(such as a binder polymer, an initiator, and a coloring agent), selection and usage of the radical polymerizable com- 
pounds are important factors. For example, the compatibility may be improved by the use of a low purity compound or 
by the use of a combination of two or more compounds. Furthermore, a specific structure of the radical polymerizable 
compound may be selected for improving an adhesion property of a supporting member, an overcoat layer, or the like. 
As to a composition ratio of the radical polymerizable compound in the image recording layer, a larger ratio is advan- 
tageous in terms of the sensitivity. However, in a case wherein the ration is too large, unpreferable phase separation, 
problems in the production step due to a sticking property of the image recording layer (such as transfer of a recording 
layer component, or production failure derived from sticking), or a problem of precipitation of the radical polymerizable 
compound from the developer may occur. In view of the above, a preferable composition ratio of the radical polymer- 
izable compound is, in most cases, 5 to 80% by weight with respect to the total composition, and preferably 20 to 75% 
by weight. Moreover, the radical polymerizable compound can be used alone or in a combination of two or more. 
Moreover, as to the usage of the radical polymerizable compound, appropriate structure, composition, and amount 
can be selected optimally in view of a degree of polymerization interference with respect to oxygen, resolution, a fogging 
property, a refractive index variation, and a surface sticking property. Furthermore, a layer structure and a coating 
method for them such as undercoating or top coating can also be executed. 

[(D) binder polymer] 

[0067] In the present invention, the binder polymer is further used. As the binder, a linear organic polymer is preferably 
used. Any "linear organic polymer can be used. In order to realize water development or weak alkaline water devel- 
opment, a linear organic polymer that is soluble or swellable with respect to water or weak alkaline water is preferably 
selected. The linear organic polymer is selected and used not only as a film forming agent for forming the photosensitive 
layer but also, according to the application, as a material utilized with water, weak alkaline water, or organic solvent 
developer. For example, by use of a water soluble organic polymer, water development can be enabled. Examples of 
the linear organic polymer include radical polymers having a carboxylic acid group in a side chain, such as those 
disclosed in JP-A No. 59-44615, JP-B Nos. 54-34327, 58-12577, 54-25957, and JP-A Nos. 54-92723, 59-53836, and 
59-71048: that is. methacrylic acid copolymers, acrylic acid copolymers, itaconic acid copolymers, crotonic acid co- 
polymers, maleic acid copolymers, and partially esterified maleic acid copolymers and the like. Moreover, acidic cel- 
lulose derivatives having a carboxyl group in a side chain, similarly can be used. In addition thereto, compounds 
prepared by adding a cyclic acid anhydride to a polymer having a hydroxylic group are useful. 

[0068] Of these examples, a (meth)acrylic resin having a benzyl group or an allyl group, and a carboxylic group in 
a side chain is preferable for an excellent balance of film strength, sensitivity, and developing property. 

[0069] Moreover, urethane based polymers containing an acidic group disclosed in JP-B Nos. 7-1 20040, 7-1 20041 , 
7-120042, 8-12424, JP-ANos. 63-287944, 63-28794 7, 1-271741, and Japanese Patent Application No. 10-11623 2 are 
advantageous in terms of printing durability and low exposure suitability with excellent strength. 

[0070] Furthermore, as a water-soluble organic polymer, a polyvinyl pyrrolidone, a polyethylene oxide, or the like, is 
useful. Moreover, for improving the strength of a hardened film, an alcohol-soluble nylon, a polyether of 2,2-bis-(4-hy- 
droxy phenyl)-propane and epichlorohydrine, or the like, is also useful. 

[0071] The weight average molecular weight of a polymer used in the present invention is preferably 5,000 or more, 
and further preferably in the range of 1 0,000 to 300,000. The number average molecular weight is preferably 1 ,000 or 
more, and further preferably in the range of 2,000 to 250,000. The polydispersion degree (weight average molecular 
weight/number average molecular weight) is preferably 1 or more, and further preferably in the range of 1 .1 to 1 0. 
[0072] These polymers can be any one of a random polymer, a block polymer, a graft polymer, and the like, but a 
random polymer is preferable. 

[0073] A polymer to be used in the present invention can be synthesized in a conventionally known method. Examples 
of a solvent to be used at the time of synthesis include tetrahydrofuran, ethylene dichloride, cyclehexanone, methyl 
ethyl ketone, acetone, methanol, ethanol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 2-meth- 
oxyethyl acetate, diethylene glycol dimethyl ether, 1 -methoxy-2-propanol, 1-methoxy-2-propyl acetate, N,N-dimethyl- 
formamide, N,N-dimethylacetoamide, toluene, ethyl acetate, methyl lactate, ethyl lactate, dimethyl sulfoxide, water 
and the like. These solvents can be used alone or as a mixture of two or more. 

[0074] As a radical polymerization initiator to be used in the present invention at the time of synthesizing a polymer, 
known compounds such as an azo based initiator, or a peroxide initiator can be used. 

[0075] The binder polymer used in the present invention can be used alone or as a mixture. The polymer is added 
in a photosensitive layer at 20 to 95% by weight, and preferably 30 to 90% by weight with respect to the total solids, 
in the photosensitive layer coating liquid. With an amount less than 20% by weight, image portion strength is insufficient 
at the time of forming an image. In contrast, with an amount more than 95% by weight, an image cannot be formed. 
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Furthermore, a weight ratio of a compound having a radically polymerizable ethylenically unsaturated double bond and 
a linear organic polymer is in the range of 1/9 to 7/3. 
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[other components in the photosensitive layer] 

[0076] In the present invention, various other compounds can be added as needed. For example, a dye with large 
absorption in a visible light range can be used as a coloring agent for an image. Specific examples thereof include Oil 
Yellow #101, Oil Yellow #103, Oil Pink #312, Oil Green BG, Oil Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS, 
Oil Black T-505 (the above-mentioned are produced by Orient Kagaku Kobyo Corp.), Victoria Pure Blue, Crystal Violet 
(CM 42555), Methyl Violet (CI42535), Ethyl Violet, Rhodamine B (CI145170B) Malachite Green (CI42000), Methylene 
Blue (CI52015), and dyes disclosed in JP-A No. 62-293247. Moreover, pigments such as a phthalocyanine based 
pigment, an azo based pigment, carbon black, titanium oxide and the like can also be used preferably. 

[0077] It is preferable to add this coloring agent since the image portion and the non-image portion can easily be 
distinguished after image formation. The amount ratio is 0.01 to 1 0% by weight with respect to the total solids of the 
photosensitive layer coating liquid. 

[0078] Moreover, in the present invention, it is preferable to add a small amount of a thermal polymerization preventing 
agent for inhibiting unnecessary thermal polymerization of the compound having the radically polymerizable ethylen- 
ically unsaturated double bond in preparation of the photosensitive layer coating liquid or during storage. Examples of 
suitable thermal polymerization preventing agents includes hydroquinone, p-melhoxyphenol, di-t-bulyl-p-cresol, pyro- 
gallol, t-butylcatechol, benzoquinone, 4 ; 4‘-thiobis(3-methyl-6-t-butyl phenol), 2,2'-methylenebis(4-methyl-6-t-butyl 
phenol), N-nitroso-N-phenylhydroxylamine aluminum salt, and the like. The amount of the thermal polymerization pre- 
venting agent is preferably from about 0.01 % by weight to about 5% by weight with respect to total composition weight. 
Moreover, as needed, it is also possible to add a higher fatty acid derivative or the like, such as behenic acid orbehenic 
acid amide, for preventing polymerization inhibition by oxygen, such that the higher fatty acid derivative is provided on 
the surface of the photosensitive layer in the drying process after coating. The amount of the higher fatty acid derivative 
is preferably from about 0.1% by weight to about 1 0% by weight with respect to the total composition. 

[0079] Furthermore, in the photosensitive layer coating liquid of the present invention, for widening processing sta- 
bility with respect to developing conditions, nonionic surfactants disclosed in JP-A Nos. 62-251740 and 3-208514, and 
amphoteric surfactants disclosed in JP-A Nos. 59-1 21 044 and 4-1 31 49 can be added. 

[0080] Specific examples of the nonionic surfactants include sorbitan tristearate, sorbitan monopatmitate, sorbitan 
trioleate, stearic acid monoglyceride, and polyoxyethylene nonylphenyl ether. 

[0081] Specific examples of the amphoteric surfactants include alkytdi(aminoethyl)glycine, alkylpolyaminoethylgly- 
cin hydrochloride, 2-alkyl-N-carboxyethyl-N-hydroxyethylimidazolinium betaine, and N-tetradecyl-N,N-betaine type 
amphoteric surfactants (such as product name: AMOGEN K, produced by Daiichi Kobyo Corp.). 

[0082] A ratio of the above-mentioned nonionic surfactants and/or amphoteric surfactants in the photosensitive layer 
coating liquid is preferably 0.05 to 15% by weight, and more preferably 0.1 to 5% by weight with respect to the total 
composition. 

[0083] Furthermore, in the photosensitive layer coating liquid according to the present invention, as needed, a plas- 
ticizer may be addedfor providing a softening property of a coat film, and the like. Examples thereof include polyethylene 
glycol, tributyl citrate, diethyl phthalate, dibutyl phthalate, dihexyl phthalate, dioctyl phthalate, tricresyl phosphate, trib- 
utyl phosphate, trioctyl phosphate, tetrahydrofurfuryl oleate, and the like. 

[0084] For producing a planographic printing plate original of the present invention, in general, the above-mentioned 
components necessary for the photosensitive layer coating liquid are dissolved in a solvent so as to be coated onto 
an appropriate supporting member. Examples of the solvent used here include ethylene dichloride, cyclohexanone, 
methyl ethyl ketone, methanol, ethanol, propanol, ethylene glycol monomethyl ether, l-methoxy-2-propanol, 2-meth- 
oxyethyl acetate, 1-methoxy-2-propyl acetate, dimethoxyethane, methyl lactate, ethyl lactate, N.N-dimethylacetamide, 
N,N-dimethylforrnamide, lelramelhylurea, N-methylpyrrolidone, dimethyl sulfoxide, sulfolane, y-butyllaclone, loluene, 
and water and the like, but are not limited thereto. These solvents can be used alone or as a mixture. The concentration 
of the above-mentioned components (total solids including the additives) in the solvent is preferably 1 to 50% by weight. 
[0085] The photosensitive layer coating amount (solid component) on the supporting member obtained after coating 
and drying varies depending on the application but, for a planographic printing plate original, in general, 0.5 to 5.0 g/ 
m 2 is preferable. Various coating methods can be adopted, such as bar coater coating, spin coating, spray coating, 
curtain coating, dip coating, airknife coating, blad coating, and roll coating. As th coating amount becomes smaller, 
apparent sensitivity becomes higher but film properties of the photosensitive layer with respect to image recording 
functions are lowered. 

[0086] To the photosensitive layer coating liquid according to the pr sent invention, a surfactant for improving th 
coating property, such as fluorine based surfactants disclosed in JP-A No. 62-1 70950 can be add d. An amount thereof 
is preferably 0.01 to 1% by weight in the material solid composition of the photosensitive layer, and further preferably 
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0.05 to 0.5% by weight. 

[Supporting member] 

5 [0087] The negative type image forming material according to the method of the present invention is formed by 

applying the above-mentioned photosensitive layer on the supporting member. The supporting member to be used 
herein is not particularly limited as long as it is a dimensionally-stable plate-like member. Examples thereof include 
- paper, paper laminated with plastic (such as polyethylene, polypropylene, or polystyrene), a metal plate (such as alu- 
minum, zinc, or copper), a plastic film (such as cellulose diacetate, cellulose triacetate, cellulose propionate cellulose 
io butyrate, cellulose acetate butyrate, cellulose nitrate, polyethylene terephthalate, polyethylene, polystyrene, polypro- 
* Pylene, polycarbonate, or polyvinyl acetal), a paper or plastic film laminated or deposited with any of the above-men- 
tioned metals or the like. As a preferable supporting member, a polyester film or an aluminum plate can be used. 
[0088] As a supporting member to be used for the planographic printing plate original of the present invention, an 
aluminum plate with a light weight and an excellent surface processing property, processability, and anti-corrosion 
is property can be used preferably. As an aluminum material to be provided for this purpose, a JIS 1 050 material, a JIS 

1100 material, a JIS 1070 material, an Al-Mg based alloy, an Al-Mn based metal, an Al-Mn-Mg based alloy, an Al-Zr 
based alloy, an Al-Mg-Si based alloy, or the like can be used. 

[0089] A preferable aluminum plate is a pure aluminum plate or an alloy plate containing aluminum as the main 
component thereof and small amounts of other elements. Furthermore, a plastic Him laminated or deposited with alu- 
20 minum can be used as well. Examples of the other elements contained in the aluminum alloy include silicon, iron, 

manganese, copper, magnesium, copper, magnesium, chromium, zinc, bismuth, nickel, and titanium. The content of 
the other elements in the alloy is 10% by weight or less. For the aluminum plate, pure aluminum is preferable. However, 
since production of completely pure aluminum is difficult in terms of a refining technique, aluminum containing a slight 
amount of other elements may be used. As mentioned above, the composition of an aluminum plate is not particularly 
25 limited, but an aluminum plate of a conventionally known material can be utilized. The thickness of the above-mentioned 

aluminum plate is preferably about 0.1 to 0.6 mm, more preferably 0.15 to 0.4 mm, and particularly preferably 0.2 to 
0.3 mm. 

[0090] Prior to a roughing treatment of the surface of an aluminum plate, a degreasing treatment with a surfactant, 
an organic solvent or an alkaline aqueous solution can be carried out optionally, for eliminating rolling oil on the surface 
30 [0091] The surface roughing treatment of the aluminum plate can be carried out by various methods. Examples 

thereof include a mechanical roughing method, a method of dissolving and roughing the surface electrochemically 
and a method of selectively dissolving the surface chemically. As a mechanical method, known methods such as a 
ball abrasion method, a brush abrasion method, a blast abrasion method, and a buff abrasion method can be used 
Moreover, as an electrochemical roughing method, a method of using alternating or direct current in a hydrochloric 
35 acid or nitric acid electrolysis solution can be used. 

[0092] The aluminum plate accordingly roughed is subjected to an alkaline etching treatment and a neutralizing 
treatment as needed, and then optionally subjected to an anodic oxidation treatment for improving a water retention 
property and wear resistance of the surface. The anodic oxidation film provided by the anodic oxidation is preferably 
1 .0 g/m 2 or more. If the anodic oxidation film amount is less than 1 .0 g/m 2 , the printing durability is insufficient or, in a 
40 case of use as a planographic printing plate, the non-image portion can easily be flawed, and ink is adhered in the flaw 
part such that "flaw fouling” tends to occur at the time of printing. 

[0093] After application of the anodic oxidation treatment, the surface of the above-mentioned aluminum is subjected 
to a hydrophilic treatment as needed. 

[0094] Moreover, such an aluminum supporting member may be subjected to a treatment with an organic acid or a 
4 5 salt thereof or application of a base coating layer for photosensitive layer coating, after the anodic oxidation treatment. 

[0095] An intermediate layer may be provided for improving the adhesion property between the supporting member 
and the photosensitive layer. For improving the adhesion property, in general, the intermediate layer is made from, Tor 
example, a diazo resin, a phosphoric acid compound adsorbed to aluminum, or the like. The thickness of the interme- 
diate layer can be set freely, but should be a thickness capable of executing a homogeneous bond forming reaction 
50 with the upper layer , which is photosensitive layer, at the time of exposure. In general, a coating ratio as a dried solid 

is preferably about 1 to 100 mg/m 2 , and particularly preferably 5 to 40 mg/m 2 . The ratio of the diazo resin in the 
intermediate layer is 30 to 100%, and preferably 60 to 100% by weight. 

[0096] After application of the above-mentioned treatment or base coat on the supporting member surfac , a back 
coat can be provided on the reverse side of the supporting member as needed. As the back coat, an organic polymer 
55 compound disclosed in JP-A No. 5-45885, ora metallic oxide coating layer obtained by hydrolysis and polycondensation 
of an organic or inorganic compound disclosed in JP-A No. 6-351 74 can be used preferably. 

[0097] Preferable characteristics of the planographic printing plate supporting memb r include a 0.10 to 1.2 p.m 
center line average coarseness. With a coarseness less than 0.10 pm, the adhesion property with the photosensitive 
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layer is lowered, which causes a drastic reduction of the printing durability. In contrast, with a coarseness more than 
1 .2 pm, an image fouling at the time of printing is deteriorated. Furthermore, a color density of the supporting member 
is 0.15 to 0.65 as a reflection density value. If the supporting member is whiter than 0.15. halation at the time of image 
exposure is too strong, which causes trouble in image formation. In contrast, if the supporting member is blacker than 
5 0.65, the image portions can hardly be seen in a plate checking operation after development and thus a plate checking 

property is extremely poor. 

[0098] By forming the above-mentioned photosensitive layer, and other optional layers such as the surface protecting 
layer and the back coat layer, on the supporting member obtained by executing predetermined treatments as mentioned 
above, the negative type image forming material to be applied in the method of the present invention can be obtained. 
£0 in the method of the present invention, the image is recorded on the image forming material by the infrared laser. 
Moreover, recording by an ultraviolet ray lamp or thermal recording by a thermal head is also possible. In the present 
invention, image exposure by a solid laser or a semiconductor laser for emitting infrared ray of a 760 nm to 1 ,200 nm 
wav length is preferable. The laser output is preferably 100 mW or more. For shortening the exposure time, a multi- 
beam laser is preferably used. Moreover, the exposure time per one pixel is preferably less than 20 p seconds. The 
*5 energy to be radiated to the recording material is preferably 10 to 300 mJ/cm 2 . 

[0099] After exposure by the infrared laser, the image forming material is developed by the weak alkaline aqueous 
solution featured in the present invention explained above in detail. 

[0100] The image forming material subjected to the developing treatment with the above-described developer and 
replenisher is used as the planographic printing plate after optionally being subjected to a posl-lrealmenl with washing 
20 water, a rinse solution containing a surfactant or the like, and/or a desensitizing solution containing gum arabic, or a 
starch derivative. 

[0101] Recently, automatic developing machines for planographic printing plates have been used widely in the plate 
making and printing industry for rationalizing and standardizing plate making operations. The automatic developing 
machines, in general, comprise a developing part, a post-treatment part, a conveying device for a printing plate, vessels 
25 for each processing liquid, and a spray device, wherein a developing treatment is executed by spraying each processing 
liquid, which is pumped up by a pump, from a spray nozzle to the printing plate after exposure while the printing plate 
is being conveyed horizontally. Furthermore, a developing treatment method of soaking and conveying the printing 
plate in a processing liquid vessel filled with a processing liquid by a guide roll in the liquid, or the like, has also become 
known recently. In such an automatic treatment, the printing plate can be processed while replenishing a replenisher 
30 to each processing liquid, according to processing amount and working time and the like. Moreover, it is also possible 
to sense electric conductivity of the processing liquid with a sensor for automatic replenishment. 

[0102] Furthermore, a so-called discarding processing method, using a substantially unused processing liquid for 
the process, can also be adopted. 

[0103] According to the method of the present invention, since there is no risk of deterioration of the developing 
35 property by aging due to carbon gas, or deterioration of the printing durability due to a developer, the method of the 
present invention can be preferably applied in any of these automatic developing machines. 

[0104] After optional coating with a desensitizing gum ; a planographic printing plate accordingly obtained can be 
provided to a printing step. In the case that a planographic printing plate with a higher printing durability is required, a 
burning treatment is further applied. 

40 [0105] In the case of applying a burning treatment, it is preferable to treat the planographic printing plate with a 

counter-etching solution as disclosed in JP-B Nos. 61-2518, 55-28062, and JP-ANos. 62-31 859 and 61-159655 before 
the burning treatment. 

[0106] As a method therefor, a method of coating a counter-etching solution on the planographic printing plate with 
a sponge or absorbent cotton impregnated with the counter-etching solution, or of soaking the printing plate in a tray 
45 filled with the counter-etching solution for application thereof, an application method with an automatic coater, or the 
like can be adopted. Moreover, by homogenizing application amounts with a squeegee or a squeegee roller after 
application, a more prelerable result can be provided. 

[0107] As an application amount of a counter-etching solution, in general, 0.03 to 0.8 g/m 2 (dry weight) is appropriate. 
[0108] The planographic printing plate with the counter-etching solution applied thereto is, after drying, as needed, 
50 heated at a high temperature in a burning processor (such as a burning processor BP-1300 commercially available 
from Fuji Photo Film Co., Ltd.), or the like. A heating temperature and duration depend on the kinds of components 
forming the image, but are preferably in the range of 180 to 300°C and 1 to 20 minutes, respectively. 

[0109] The planographic printing plat subjected to the burning treatment may optionally be subjected to conven- 
tionally execut d treatments such as washing with water, and gum coating as needed. In the case that a counter- 
55 etching solution containing a water-soluble polymer compound or the like was used, a so-called desensitizing treatment, 

such as gum coating, can be omitted. 

[01 1 0] The planographic printing plate obtained by the image forming method of the present invention can be mount- 
ed in an offset printing press or the like so as to be used for printing a large number of copies. 
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[0111] Hereinafter, the present invention will be explained in detail with reference to examples but the present in- 
vention is not limited thereto. 

(Example 1) 

[Production of a supporting member] 

[0112] A molten product of a JIS A1050 alloy containing 99.5% of more of aluminum, 0.30% of Fe, 0.10% of Si, 
0.02% of Ti, and 0.013% of Cu was subjected to a purification treatment and casted. As the purification treatment a 
degassing treatment was applied for eliminating unnecessary gas such as a hydrogen in the molten product, and a 
ceramic tube filter treatment was fu rther applied. As a casting method, a DC casting method was adopted A solidified 
500jnm plate thickness ingot was faced 10 mm from the surface, and a homogenizing treatment was executed at 
550°C for 10 hours so as to prevent an inter-metal compound from growing. Then, after heat rolling at 400°C, and 
annealing at 500°C for 60 seconds in a continuous annealing furnace, cold rolling was executed so as to obtain a 0 30 
mm plate thickness aluminum rolled plate. By controlling a roughness of a rolling roll, a center line average surface 
coarseness Ra after cold rolling was controlled to be 0.2 pm. Thereafter, the plate was processed by a tension leveler 
to improve flatness. 

[0113] Next, a surface treatment for providing a planographic printing plate supporting member was executed 
[01 1 4] First, to eliminate rolling oil on the aluminum plate surface, a degreasing treatment was executed with a 1 0% 
aqueous solution of sodium aluminate at 50»C for 30 seconds, and a neutralizing and desmutting treatment was exe- 
cuted with a 30% sulfuric acid aqueous solution at 50°C for 30 seconds. 

[01 1 5] Next, to improve an adherence property between the supporting member and the photosensitive layer as well 
as to provide a water retention property to a non-image portion, a so-called graining treatment for roughing the surface 
of the supporting member was executed. Electrolytic graining was executed by providing a 240 C/dm 2 anode side 
electric amount with a 20 A/dm 2 current density and a 1 :1 duty ratio alternating wave form by an indirect feeder cell 
while keeping an aqueous solution containing 1% nitric acid and 0.5% aluminum nitrate at 45°C and providing the 
aluminum web in the aqueous solution. Thereafter, an etching treatment was executed with a 10% sodium aluminate 
aqueous solution at 50°C for 30 seconds, and a neutralizing and desmutting treatment was executed with a 30% 
sulfuric acid aqueous solution at 50°C for 30 seconds. 

[0116] Furthermore, to improve wear resistance, chemical resistance, and a water retention property an oxidized 
film was formed on the supporting member by anodic oxidation. A 2.5 g/m 2 anodic oxidization film was produced by 
executing an electrolytic treatment with a 14 A/dm 2 direct current by an indirect feeder cell, with a 20% sulfuric acid 
aqu ous solution used as an electrolyte at 35°C, and conveying the aluminum web in the electrolyte. 

[0117] Thereafter, in order to ensure a hydrophilic property of the printing plate non-image portion, a silicate treatment 
was executed. In the treatment, a 1 .5% aqueous solution of No. 3 sodium silicate was maintained at 70°C, and the 
aluminum web was conveyed so as to have a 15 seconds contact time, followed by washing with water. The Si adhesion 
amount was 10 mg/m 2 . The Ra (centerline surface coarseness) of the supporting member accordingly produced was 



[Base coat] 

[01 1 8] Next, the aluminum supporting member was coated with a below-described base coating liquid by a wire bar 
and dried at 90°C for 30 seconds with a hot air drier. The coating amount after drying was 1 0 mg/m 2 . 

<Under coat liquid> 

[0119] 

- a copolymer of an ethylmethacrylate and sodium 2-acrylamide-2-methyl-1 -propane sulfonate with a 75 15 mole 
ratio 0.1 g 

2-aminoethyl phosphonic acid 0.1 g 

methanol 50 g 

ion exchange water 50 g 
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[Photosensitive layer] 

[0120] Then, a below-described photosensitive layer coating liquid [P] was prepared, and applied to the above- 
mentioned base-coated aluminum plate with a wire bar. A drying operation was executed at 1 15°C for 45 seconds by 
5 a hot air drier to form a photosensitive layer and thereby obtain a negative type planographic printing plate original [P- 
1] of Example 1 . A coating amount after drying was in the range of 1 .2 to 1 .3 g/m 2 . 

<Photosensitive layer coating liquid [P]> 

io [0121] 

infrared ray absorbing agent [IR-6] 0.08 g 

onium salt [Ol - 6] 0.30 g 

dipentaerythritol hexaacrylate 1 .00 g 

15 - copolymer of allylmethacrylate and methacrylic acid with an 80:20 mole ratio (weight average molecular weight: 

120,000) 1.00 g 

naphthalene sulfonate of Victoria Pure Blue 0.04 g 

fluorine based surfactant (MEGAFACE F-176, produced by Dainippon Ink Kagaku Kogyo, Corp.) 0.01 g 
methylethyl ketone 9.0 g 

20 - methanol 10.0 g 

1-methoxy-2-propanol 8.0 g 
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[Exposure] 

55 

[0122] The obtained negative type planographic printing plate original [P-1] was exposed with a TRENDSETTER 
3244VFS, produced by Creo Corp, equipped with a water cooling type 40W infrared semiconductor las r under 90W 
output, 21 0 rpm outer surface drum rotational frequency, 1 00 mJ/cm 2 surface energy, and 2,400 dpi resolution condi- 
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tions. 



[Developing treatment] 

[0123] After the exposure, a developing treatment was applied by an automatic developing machine SUTABURON 
900N, produced by Fuji Photo Film Corp. As a developer, developer [1] of the below-described composition (pH at 
25°C: 9.9) was used both for the preparation liquid and the replenisher. A developing bath was set to 30°C Moreover 
as a finisher, a 1:1 water diluted solution of FN-6, produced by Fuji Photo Film Corp., was used. The pH of the below- 
described developer was a value measured at 25°C. 

<Developer [1]> 

[0124] 

monohydrate of sodium carbonate 1 0 g 
potassium hydrogencarbonate 10 g 
sodium isopropylnaphthalene sulfonate 15 g 
sodium dibutylnaphthalene sulfonate 15 g 

sodium sail of ethyleneglycol mononaphlhyl elher monosulfale 1 0 g 
sodium sulfite 1 g 

ethylene diamine tetraacetate tetrasodium 0.1 g 
ion exchange water 938.9 g 

[Evaluation of printing durability and image fouling] 

[0125] Next, the planographic printing plate [P-1] was provided for printing with a printer RISURON, produced by 
Komori Corp. At the time, how many sheets with a sufficient amount of ink could be obtained after the start of printing 
matter was evaluated by visual observation. Moreover, an image fouling state of the non-image portion at the time was 
observed visually. 

[01 26] As a result, 80,000 sheets of good printed matter were obtained. Furthermore, generation of fouling was not 
found in the non-image portion of the obtained printed matter. 

[Evaluation of aging stability] 

[0127] In the conditions of Example 1, the developing operation was executed on 10 m 2 per day continuously for 20 
days. Developing failure was not found in the obtained planographic printing plates. 

(Comparative Example 1) 

[01 28] By the same process as in Example 1 , except that a developer [2] (pH 9.9) of the below-described composition 
was used instead of the above-mentioned developer [P-1], a negative type planographic printing plate [P-2] of Com- 
parative Example 1 was obtained. 

<Developer [2] > 

[0129] 

- monohydrate of sodium carbonate 10 g 
potassium hydrogencarbonate 10 g 
sodium sulfite 1 g 

ethylene diamine tetraacetate tetrasodium 0.1 g 
ion exchange water 938.9 g 

[0130] Next, the planographic printing plate [P-2] was provided for printing as in Exampl 1. According to visual 
evaluation of the obtained printed matters, generation of fouling derived from a residual film caused by developing 
failure was observed in the non-image portion of th printed matter. 
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(Comparative Example 2) 

[0131] By the sam process as in Example 1 , except that a developer [3] (pH 10.0) of the below-described compo- 
sition was used instead of the above-mentioned developer [P-1], a negative type planographic printing plate [P-3] of 
Comparative Example 2 was obtained. 

<Developer [3] > 



[0132] 



10 



15 



20 



25 



30 



monohydrate of sodium carbonate 1 0 g 

potassium hydrogencarbonate 10 g 

benzyl alcohol 20 g 

sodium sulfite 1 g 

ethylene diamine tetraacetate tetrasodium 

ion exchange water 938.9 g 



0.1 g 



[0133] Next, the planographic printing plate [P-3] was provided for printing as in Example 1. 

[0134] As a result, 40,000 sheeLs of good printed matter were obtained. Furthermore, generation of fouling was not 
found in the non-image portion of the obtained printed matter. 

[0135] From the above-mentioned result, Example 1, developed with a weak alkaline aqueous solution containing 
a carbonate and a surfactant, was excellent in terms of the printing durability and the image forming property (developing 
property), and furthermore, it was capable of developing stably for a long time. In contrast, it was learned that in 
Comparative Example 1 , using a carbonate but not containing a surfactant, fouling was caused by developing image 
failure, and in Comparative Example 2, containing an organic solvent, even though the developing property was suf- 
ficient, the printing property was lower than in Example 1. 

[0136] As heretofore mentioned, according to the present invention, an excellent image forming method can be 
provided. The method can be applied to a negative type image forming material capable of recording directly from 
digital data of a computer or the like by using a solid laser or semiconductor laser that emits infrared radiation. Further, 
the method provide an excellent image forming property and do not cause deterioration of developing property or 
printing durability caused by aging, which deteriorations are from the characteristics of a developer. 
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Claims 

1 . An image forming method comprising the steps of: 

preparing a negative type image forming material including a supporting member and at least one photosen- 
sitive layer which has sensitivity to an infrared laser; 

exposing the negative type image forming material image-wise by an infrared laser; and 

developing the negative type image forming material with a weak alkaline aqueous solution having a pH value 

in a range from 7 to 12 and containing a carbonate and a surfactant. 

2. The image forming method according to claim 1 , wherein the surfactant is an anionic surfactant. 

3. The image forming method according to claim 1 , wherein an amount of the surfactant is 0.2 to 30% by weight with 
respect to a developer. 

4. The image forming method according to claim 1 , wherein the carbonate is at least one selected from the group 
consisting of carbonates and hydrogen carbonates of alkaline metals, carbonates and hydrogen carbonates of 
alkaline earth metals, and carbonates and hydrogen carbonates of ammonium. 

5. The image forming method according to claim 1 , wherein an amount of the carbonate is 0.1 to 1 0% by weight with 
respect to on of a developer and a replenisher. 

6. The image forming method according to claim 1 , wherein a pH value of the weak alkalin aqueous solution is from 
8 to 11. 
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7. The image forming method according to claim 1, wherein the photosensitive layer further contains at least one 
selected from the group consisting of a thermal polymerization preventing agent, a higher fatty acid derivative, a 
nonionic surfactant, an amphoteric surfactant, a cationic surfactant, a plasticizer and a coloring agent. 

8. The image forming method according to claim 1 , the method further comprises at least one step selected from the 
group consisting of preparing a photosensitive layer coating liquid, coating a photosensitive layer coating liquid on 
a supporting member, drying a photosensitive layer coating liquid that has been applied on a supporting member 
to thereby obtain the negative type image forming material, and performing a post-treatment after development. 

9. An image forming method comprising the steps of: 

preparing a negative type image forming material including a supporting member and at least one photosen- 
sitive layer containing (A) an infrared ray absorbing agent, (B) a radical generating agent, (C) a radically po- 
lymerizable compound, and (D) a binder polymer; 

exposing the negative type image forming material image-wise by an infrared laser; and 

developing the negative type image forming material with a weak alkaline aqueous solution having a pH value 

in a range from 7 to 12 and containing a carbonate and a surfactant. 

10. The image forming method according to claim 9, wherein the surfactant is an anionic surfactant. 
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